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Despite advances in solar technologies, there is still a growing and urgent demand for 
light-harnessing materials that enable efficient utilisation of solar energy for solar-to-
fuel conversion and environmental remediation applications. Existing photocatalytic 
technologies present inherent limitations to achieve these goals due to wide energy 
bandgap and poor electrochemical properties of conventional materials. A 
combination of fundamental and applied materials science, nanotechnology, 
chemistry, photonics and applied physics offers a way forward for developing new 
light-confining photocatalyst platforms with improved capabilities, versatilities, cost-
effectiveness and sustainability to address global energy and environmental issues. 
This thesis presents the development of rationally engineered composite 
photocatalyst platforms based on nanoporous anodic alumina photonic crystals (NAA-
PCs) and photoactive materials. The fabrication of these photocatalytic systems with 
enhanced performances is achieved through structural engineering and chemical 
modification of NAA-PCs. Various forms of NAA-PCs were produced by pulse-like 
anodisation strategies with a view to optimising optical properties to harness light–
matter interactions at the nanoscale efficiently, within high-irradiance spectral regions. 
The essential photocatalytic properties of these PC structures, well-defined energy 
bandgap capable of photogeneration of charge carriers, were provided by chemical 
functionalisation, using photoactive layers of titanium dioxide (TiO2) deposited onto 
the inner surface of NAA-PCs through sol-gel method. Photocatalytic performances of 
photo-active NAA-PCs as well as photocatalytic enhancements associated with 
distinct forms of light–matter interactions were demonstrated through 
photodegradation of model organics such as methylene blue, methyl orange, 
rhodamine B and 4-chlorophenol, under simulated solar light irradiation conditions. 
Photocatalytic enhancements associated with slow photons, light confinement, and 
plasmonic effects in noble metal nanostructures with and without NAA-PCs were also 
analysed.  
This thesis demonstrated that: (i) high-quality nanoporous anodic alumina gradient-
index filters (NAA-GIFs) and hybrid NAA-PCs can be developed with tunable optical 
properties across the UV-visible-NIR spectrum, (ii) various forms of photo-active NAA-
PCs with and without noble metal nanostructures are found to have superior 
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performances to benchmark photocatalyst materials in many cases due to “slow 
photon” effect and light confinement, and (iii) 2D gold nanodot plasmonic single-
lattices show outstanding performances due to efficient utilisation of solar energy at 
high-irradiance spectral regions and harnessing plasmonic light-matter interactions. 
The studies completed in this thesis advance both fundamental understanding and 
applied knowledge on the photocatalytic performance of chemically-modified NAA-
PCs with optimised structural, optical, chemical and photocatalytic properties. These 
advanced materials could potentially be integrated into fully functional and marketable 
real-life photocatalytic devices for addressing global energy challenges and 
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1.1 Introductory Background 
Solar light is one of the most promising green energy resources, capably of providing 
enough energy to address emerging global challenges such as energy shortage, 
climate change and environmental pollution. Among other light-harvesting processes, 
heterogeneous photocatalysis — henceforth “photocatalysis”— is a light-driven 
process involving a photoactive material (e.g., semiconductor) with a well-defined 
energy bandgap that is capable of degrading environmental contaminants [1,2], 
purifying air [3], producing clean hydrogen fuel [4,5], reducing carbon dioxide [6] and 
synthesising organics [7,8]. However, conventional photocatalyst materials harness 
incident solar energy poorly due to inherent constraints such as wide energy bandgap 
and poor electrochemical properties [9]. Thus, there is a growing demand for high 
efficiency, inexpensive and robust photocatalyst materials that can maximise the 
efficiency of photocatalytic reactions for future breakthrough technologies.  
At the nanoscale, every photon is precious. A detailed understanding of the 
fundamentals and engineering of light–matter interactions at the nanoscale along, in 
combination with smart chemical and structural designs of photocatalysts, makes it 
possible to maximise photocatalytic efficiencies by rational management of incident 
photons. Photocatalysis can be significantly enhanced by judiciously utilising various 
forms of light–matter interactions, including localised surface plasmon resonance 
(LSPR) effects in noble metal nanoparticles [8] and photonic effects in photonic crystal 
(PC) structures [10,11]. For example, PC structures can enhance and maximise light–
matter interactions for photocatalysis by trapping, controlling and manipulating the 
propagation of light (i.e. photons) of specific energies and wavelengths via Bragg 
diffraction, light confinement, multiple scattering and “slow photon” effect. PC 
structures feature characteristic photonic stopbands (PSBs) – range of wavelengths 
within with light propagation is forbidden within the PC structure – which can be tailor-
engineered by the geometric features and chemical composition of PC structures. 
Nanoporous PCs also provide high specific surface area, enhanced utilisation of 
incoming photons and efficient mass transport of ionic and molecular species involved 
in photocatalytic reactions. These advantages can be precisely engineered to harness 
photons for enhanced photocatalytic performances in semiconductor PC structures. 
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Semiconductor inverse opal PC photocatalysts show improvements in photocatalytic 
performances when compared to benchmark photocatalyst materials [12,13]. 
Photocatalytic enhancements are mainly due to the localisation of slow photons near 
the edges of the PCs’ PSB, creating light-trapping and confinement capabilities that 
can be utilised to enhance the efficiency of light-driven reactions. The performance of 
semiconductor inverse opal photocatalysts can also be significantly enhanced by 
chemical modification of these PC structure with semiconducting oxides [14], and 
through decoration with noble metal nanoparticles for LSPR effect [15]. Despite these 
advantages, such PC structures present several inherent drawbacks, including long 
fabrication process (> 24 h), restriction to 3D nanostructures and formation of 
structural defects [11,16]. 
Alternatives include electrochemically engineered nanoporous materials (EENMs). 
These structures provide promising photocatalyst PC platforms due to their versatile, 
highly controllable and self-organised nanoporous structure [17,18]. Advances in 
electrochemical oxidation – anodisation – of valve metals such as aluminium and 
titanium provide new opportunities to precisely modulate and engineer the effective 
medium of semiconductor oxides to harness light–matter interactions for 
photocatalysis. In particular, nanoporous anodic alumina (NAA) present a unique set 
of physical and chemical properties, including chemical resistance, thermal stability, 
mechanical robustness, optoelectronic properties and large specific surface area [18], 
all of which are essential prerequisites to develop high-performance photocatalytic 
systems. The versatile pore geometry and fabrication process of NAA allows 
production of various PC structures, including Fabry-Pérot interferometers, gradient-
index filters and distributed Bragg reflectors. Despite all the advantages as promising 
photocatalyst PC platforms, the wide energy bandgap (7.0–9.5 eV) of NAA prevents 
NAA-PCs to be directly used for photocatalysis. This intrinsic drawback can be easily 
overcome by chemical modification of NAA-PCs, in particular with photoactive material 
with well-defined energy bandgap. This provides new opportunities to endow these 
photonic platforms with desired photocatalytic properties to overcome the intrinsic 
limitations of currently available photocatalysts. 
This PhD thesis addresses the urgent demand for photocatalytic systems that provide 
simplicity, cost-competitiveness, mechanical robustness and high efficiency of 
photocatalytic activities for addressing emerging global challenges such as 
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environmental pollution. Despite significant advances in this field, more extensive 
fundamental research must be carried out to maximise applications of solar energy for 
various real-life photocatalytic applications. This thesis focuses on the structural 
optimisation and chemical modification of NAA-PCs, and their use in photocatalysis to 
tailor-engineer advanced photocatalytic platforms for efficient light-harvesting 
performances with broad applicability in environmental and energy fields.  
 
1.2 Objectives of Thesis 
The aim of this thesis is to develop inexpensive and robust chemically-modified NAA-
PCs with optimised structural and photocatalytic properties essential for improving 
performances of existing photocatalytic materials. 
 
The associated objectives of the thesis are to: 
1. Design and engineer nanoporous anodic alumina photonic crystals (NAA-PCs) 
with different nanoarchitectures with optimised structural and optical properties. 
2. Endow NAA-PCs with photocatalytic properties through chemical modifications 
(i.e. sol-gel method, noble metal sputtering). 
3. Assess reproducibility, stability and photocatalytic performances of chemically 
modified NAA-PCs as photocatalytic platforms in the photodegradation of 
model organic pollutants in aqueous environment. 
4. Fundamentally understand photocatalytic enhancement associated with slow 
photons, light confinement and plasmonic effects. 
 
1.3 Scope and Structure of Thesis 
Chapter 2 reviews recent advances of electrochemically engineered nanoporous 
materials (EENMs) for photocatalysis. This chapter provides a detailed overview on 
fabrication, chemical modification and structural engineering of EENMs for 
photocatalytic platforms. The key factors influencing photocatalysis and relevant 
literature about the recent applications of non-structurally and structurally EENMs for 




Chapter 3 reports the fabrication of hybrid NAA-PCs (Hy-NAA-PCs) composed of 
distributed Bragg reflectors (DBRs) and apodised gradient-index filters (APO-GIFs) 
embedded within the same PC structures by heterogeneous pulse anodisation (HPA). 
This chapter also demonstrates the tunability of the optical properties of these PC 
structures across the UV–visible–NIR spectrum by modifying various anodisation 
parameters. 
 
Chapter 4 explores the fabrication of high-quality, light-forbidding propagation of NAA-
GIFs by selective addition of alcohol type and concentration into the anodising acid 
electrolyte. The effect of type and concentration of alcohol additive on the 
electrochemical, structural, chemical and optical features NAA-GIFs are 
comprehensively analysed. Systematic assessment of the characteristic PSB of NAA-
GIFs fabricated by sinusoidal pulse anodisation under mild conditions makes it 
possible to determine the most optimal alcohol modification conditions to maximise 
forbidden light propagation in NAA-GIFs in the form of well-resolved, narrow, intense, 
high-quality PSBs. 
 
Chapter 5 explores for the first time light-trapping capabilities of NAA-GIFs 
functionalised with layers of semiconducting oxide – titanium dioxide (TiO2) – to 
improve the efficiency of photocatalytic reactions by “slow photon” effect. The optical 
properties of pristine and TiO2-NAA-GIFs as a function of anodisation parameters and 
aqueous media are investigated. The photocatalytic capability of these chemically-
modified NAA-GIFs in the photodegradation of various organic dyes is also 
demonstrated, revealing that TiO2-NAA-GIFs outperform conventional photocatalyst 
materials. 
 
Chapter 6 presents enhanced photocatalytic capability of a different nanoarchitecture 
of TiO2-functionalised NAA-PCs (i.e. TiO2-NAA-DBRs) by “slow photon” effect. 
Through a systematic modification of anodisation parameters and aqueous media, the 
resulting optical and chemical properties of pristine and chemically-modified NAA-
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DBRs are examined. Applicability and performance of TiO2-NAA-DBRs as 
photocatalyst platforms is assessed by monitoring the photodegradation of various 
organic dyes and pesticides. The effect of additive concentration and assessment of 
reusability of these chemically-modified NAA-DBRs are also assessed, including 
comparison of photocatalytic performances with representative benchmark 
photocatalyst materials. 
 
Chapter 7 investigates the coupling effect of surface plasmon resonance and “slow 
photons” in enhancing the photocatalytic reactions of gold-coated titania-
functionalised NAA-DBRs (Au-TiO2-NAA-DBRs). The effect of anodisation parameters, 
noble metal deposition time and type of noble metal (i.e. gold – Au, silver – Ag) on the 
optical and photocatalytic properties of chemically-modified NAA-DBRs are 
investigated. This chapter also compares the photocatalytic performances of Ag-TiO2-
NAA-DBRs with benchmark photocatalyst materials.  
 
Chapter 8 explores a better understanding of LSPR effect for visible-NIR light driven 
photocatalysis by developing a photocatalytic platform material composed of 2D gold 
nanodot plasmonic single-lattices (Au-nD-PSLs). The geometric and optical features 
of these Au-nD-PSLs are demonstrated to be tuneable and optimisable by 
manipulation of Au deposition time and sizes of nanopatterned aluminium templates 
fabricated by different anodisation conditions. The photocatalytic and recyclability 
performances of Au-nD-PSLs are investigated by monitoring the photodegradation of 
various organic dyes with a systematic modification of the geometric features, type of 
noble metal nanodots and presence of underlying semiconducting substrates. 
Fundamental understanding of photocatalytic enhancements associated with LSPR 
effect in Au-nD-PSLs is demonstrated by analysing finite-difference time-domain 
(FDTD) simulations. The photocatalytic performances of these Au-nD-PSLs are 




Chapter 9 summarises the recent advances in structural engineering and chemical 
modification of NAA-PCs as well as their applicability as photocatalyst platforms for 
photocatalysis, providing a future outlook in this exciting and dynamic research field. 
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This chapter is presented as published review article by S.Y. Lim, C.S. Law, L. Liu, M. 
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Electrochemical engineering of nanoporous materials for photocatalysis: 
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3. Engineering of Hybrid Nanoporous Anodic Alumina 
Photonic Crystals by Heterogeneous Pulse Anodisation 
3.1 Introduction, Significance and Commentary 
Fabrication of nanoporous anodic alumina photonic crystals (NAA-PCs) with 
advanced nanoarchitectures to control light–matter interactions for a variety of 
applications remains challenging. This study explores a heterogeneous pulse 
anodisation (HPA) approach to fabricate hybrid PCs (Hy-NAA-PCs) composed of 
different combinations of distributed Bragg reflectors (DBRs) and apodised gradient-
index filters (APO-GIFs) in a single PC structure. The highly controllable optical 
properties (i.e. number, position and bandwidth of photonic stopband – PSB) of Hy-
NAA-PCs produced using this versatile advanced nanofabrication method opens new 
opportunities to develop innovative photonic nanostructures with implications in many 
fields such as sensing, photonics and photocatalysis.  
 
3.2 Publication 
This chapter is presented as published journal article by S.Y. Lim, C.S. Law, L.F. 
Marsal, and A. Santos, Engineering of hybrid nanoporous anodic alumina photonic 
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4. Elucidating Alcohol Additives Effect on Mild Pulse 
Anodization by Forbidden Light Propagation in Nanoporous 
Anodic Alumina Gradient-Index Filters 
4.1 Introduction, Significance and Commentary 
High-quality, forbidden light propagation in NAA-based photonic crystals enables the 
detection of small changes in the refractive index of the surroundings, making them 
desired platforms for various high-precision photonic applications. This study 
demonstrates enhancements of quality of light-forbidding propagation in NAA-GIFs 
produced by sinusoidal pulse anodisation in modified alcohol-containing acid 
electrolytes. Comprehensive electrochemical, structural, optical and chemical 
analyses of NAA-GIFs reveal that a suitable selection of type and concentration of 
alcohol additive is critical in determining the quality of light forbidden propagation in 
NAA-GIFs. Sulphuric acid electrolyte modified with 40 v % methanol is found to be the 
most optimal condition to produce NAA-GIFs with high quality factors (i.e. 
approximately 32 to 54% quality enhancement compared to that of other alcohol 
additives), enabling future developments of high-quality NAA-based PC technologies 
for optical sensors, photocatalysts, lasing structures and other photonic devices. 
 
4.2 Publication 
This chapter is presented as published journal article by S.Y. Lim, C.S. Law, L. Jiang, 
L. K. Acosta, A. Bachhuka, L.F. Marsal, A.D. Abell, and A. Santos, Elucidating alcohol 
additives effect on mild pulse anodization by forbidden light propagation in nanoporous 
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5. Engineering the Slow Photon Effect in Photoactive 
Nanoporous Anodic Alumina Gradient-Index Filters for 
Photocatalysis 
5.1 Introduction, Significance and Commentary 
The large energy bandgap of conventional photocatalyst materials constrains their 
application for photocatalysis. Therefore, engineering light–matter interactions at the 
nanoscale with rational design of photocatalyst platforms is essential to overcome 
these limitations. This chapter presents a rationally designed photocatalyst material 
based on a titanium dioxide-functionalised nanoporous anodic alumina gradient-index 
filter (TiO2-NAA-GIFs) as a platform to achieve enhanced photocatalytic performances 
by “slow photon” effect. NAA-GIFs were fabricated by sinusoidal pulse anodisation 
and subsequently functionalised with photoactive layers of TiO2 through sol-gel 
method. This study demonstrates that the photocatalytic performance of TiO2-NAA-
GIFs is enhanced by “slow photon” effect, in which the photodegradation of three 
model organic dyes (i.e. methyl orange, Rhodamine B and methylene blue) with well-
defined absorption bands across different spectral regions under simulated irradiation 
conditions were used as the enhancement indicator. These systems outperformed 
benchmark photocatalyst platforms, demonstrating promising potential for engineering 




This chapter is presented as published journal article by S.Y. Lim, C.S. Law, M. 
Markovic, J.K. Kirby, A.D. Abell, and A. Santos, Engineering the slow photon effect in 
photoactive nanoporous anodic alumina gradient-index filters for photocatalysis. ACS 
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6. Rational Management of Photons for Enhanced 
Photocatalysis in Structurally-Colored Nanoporous Anodic 
Alumina Photonic Crystals 
6.1 Introduction, Significance and Commentary 
Chapter 5 has introduced the capability of TiO2-NAA-GIFs in improving efficiency of 
photocatalytic reactions by “slow photon” effect. This has led to an innovative 
approach to produce these photocatalytic systems with another TiO2-functionalised 
NAA-PC structures such as TiO2-NAA-DBRs produced by stepwise pulse anodisation 
and sol-gel method. This study reveals that photocatalytic performance of these 
composite PC structures is enhanced by “slow photon” effect when the edges of the 
PC’s PSB fall within the absorbance band of the organic dyes. The photocatalytic 
degradation of a model pesticide in environmental matrices as well as reusability of 
TiO2-NAA-DBRs as efficient photocatalyst platforms were also demonstrated. TiO2-
NAA-DBRs were found to be superior to TiO2-NAA-GIFs and benchmark photocatalyst 
materials for the photodegradation of model organics, providing new insights into the 




This chapter is presented as published journal article by S.Y. Lim, C.S. Law, M. 
Markovic, L.F. Marsal, N.H. Voelcker, A.D. Abell, and A. Santos, Rational 
management of photons for enhanced photocatalysis in structurally-colored 
nanoporous anodic alumina photonic crystals. ACS Applied Energy Materials, 2019. 
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7. Integrating Surface Plasmon Resonance and Slow Photon 
Effects in Nanoporous Anodic Alumina Photonic Crystals 
for Photocatalysis 
7.1 Introduction, Significance and Commentary 
Chapters 4 and 5 have explored the possibility of TiO2-functionalised NAA-PCs of 
different nanoarchitectures for enhanced photocatalysis by “slow photon” effect. This 
chapter aims to investigate the potential of gold-coated titania-functionalised 
nanoporous anodic alumina distributed Bragg reflectors (Au-TiO2-NAA-DBRs) as 
platforms to enhance photocatalytic reactions by coupling effects between “slow 
photon” and surface plasmon resonance (SPR). These photocatalyst platforms were 
synthesised by two-step pulse anodisation and chemically-modified by a sol-gel 
method and deposition of Au. This study demonstrates that the photocatalytic 
enhancement in Au-TiO2-NAA-DBRs is strongly associated with “slow photon” effect, 
while the contribution of SPR to the overall photocatalytic enhancement is weak due 
to the localised generation of surface plasmons on the top surface of the composite 
PC structures. Therefore, a rational and optimal design of these photocatalyst 
platforms is essential to efficiently utilise and manage the coupling photonic and 
plasmonic effects to attain maximum photocatalytic activities. 
 
7.2 Publication 
This chapter is presented as published journal article by S.Y. Lim, C.S. Law, L. Liu, 
M. Markovic, A.D. Abell, and A. Santos, Integrating surface plasmon resonance and 
slow photon effects in nanoporous anodic alumina photonic crystals for photocatalysis. 







































































































8. Tailor-Engineered Plasmonic Single-Lattices: Harnessing 
Localized Surface Plasmon Resonances for Visible-NIR-
Enhanced Photocatalysis 
8.1 Introduction, Significance and Commentary 
Chapter 7 has introduced the concept of SPR effect from noble metal layers deposited 
onto the top surface of Au-TiO2-NAA-DBRs. However, further understanding of 
plasmonic effects of individual components in noble metal structures is essential for 
optimal integration with NAA-PC structures for enhanced photocatalytic efficiencies. 
This chapter aims to explore a better understanding of localised surface plasmon 
resonance (LSPR) effects for visible-NIR light-driven photocatalysis by developing a 
photocatalytic platform material composed of 2D gold nanodot plasmonic single-
lattices (Au-nD-PSLs). Au-nD-PSLs were produced by a straightforward, industrially 
scalable template-assisted approach, using nanopatterned aluminium substrates 
fabricated from anodisation as templates. This study reveals that Au-nD-PSLs provide 
outstanding photocatalytic performances due to strongly localised electromagnetic 
fields around these metallic structures, as demonstrated by finite-difference time-
domain (FDTD) simulations and experimental observations. The photocatalytic 
performance of Au-nD-PSLs can also be further enhanced by coupling LSPR effects 
with the electronic bandgap of semiconductor substrates. Au-nD-PSLs also show 
remarkable photocatalytic performances in photodegradation of methylene blue when 
compared to conventional nanoparticle-based plasmonic photocatalysts (i.e. ~82 to 
91% superior performance), providing new opportunities to rationally design efficient 
photocatalyst platform materials that harvest visible-NIR spectrum for a broad range 
of plasmonic, photonic and photocatalytic applications. 
 
8.2 Publication 
This chapter is presented as published journal article by S.Y. Lim, C.S. Law, F. Bertó-
Roselló, L. Liu, M. Markovic, J. Ferré-Borrull, A.D. Abell, N.H. Voelcker, L.F. Marsal, 
and A. Santos, Tailor-engineered plasmonic single-lattices: harnessing localized 
surface plasmon resonances for visible–NIR light-enhanced photocatalysis. Catalysis 


























































































This thesis presents studies on advancing fundamental and applied knowledge in the 
structural and optical engineering, chemical functionalisation and application of NAA-
PCs for use as inexpensive, highly efficient and sustainable light-harnessing platforms 
for various photocatalytic applications. Engineering of NAA-PCs with desirable 
structural, optical and chemical properties is critical to achieve enhanced 
performances in photocatalytic reactions. The photonic stopbands of these PC 
structures can be precisely tuned across the spectral regions by structural engineering, 
while chemical functionalisation with semiconducting oxides or noble metal structures 
enables the integration and harnessing of distinct forms of light–matter interactions to 
speed up photocatalytic reactions. This combination of strategies provides new 
venues for attaining optimal performances by a rational management of photons at the 
nanoscale. The individual and combined effects of photochemically functional layers 
on these model composite PC structures allow us to better understand how 
photocatalytic enhancements can be maximised by efficient utilisation of light–matter 
interactions. The following sections outline specific conclusions drawn from work 
presented in this thesis, based on its delivered objectives. 
 
9.1.1. Objective 1 
Various anodisation profiles were employed to produce a complete palette of NAA-PC 
structures with unique optical properties. In Chapter 3, heterogeneous pulse 
anodisation was explored to fabricate hybrid NAA-PCs (Hy-NAA-PCs) composed of 
different combinations of distributed Bragg reflectors (DBRs) and apodised gradient-
index filters (APO-GIFs) in a single PC structure. Manipulation of anodisation 
parameters was demonstrated as an effective approach to finely tune the optical 
properties of Hy-NAA-PCs across the UV–visible–NIR spectrum. In Chapter 4, 
sinusoidal pulse anodisation under mild conditions was used to produce NAA-GIFs. 
The selective addition of alcohol type and concentration into the anodising acid 
electrolyte maximises optical signal intensity and minimises spectral bandwidth of the 
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characteristic PSB of these PC structures. These are desirable characteristics for 
many applications including optical sensing, photonics and photocatalysis. 
 
9.1.2. Objectives 2, 3, 4 
Light-trapping capabilities of chemically-modified NAA-PCs in enhancing 
photocatalysis by “slow photon” effect was explored. Well-established fabrication 
protocols were used to develop a broad palette of NAA-PCs by anodisation of 
aluminium substrates, including: (i) NAA-GIFs by sinusoidal pulse anodisation 
(Chapter 5), (ii) NAA-DBR by stepwise pulse anodisation (Chapter 6), and (iii) NAA-
DBR by two-step anodisation (Chapter 7). These PC structures were subsequently 
modified with photoactive layers of titanium dioxide (TiO2) using the sol-gel method to 
provide the composite PC structures with essential photocatalytic properties. 
Enhancements in photocatalytic performance in TiO2-functionalised NAA-PCs by 
“slow photon” effect were monitored by studying the photodegradation of model 
organics with well-defined absorbance bands across different spectral regions, under 
simulated solar light irradiation conditions. Our studies demonstrate that, when the 
edges of the characteristic PSB of TiO2-functionalised NAA-PCs are completely or 
partially aligned with the absorbance bands of organics, photocatalytic performance is 
enhanced due to “slow photon” effects. Overall photocatalytic degradation rate is also 
dependent on the geometric features of the PC structures, charge and photosensitivity 
of the organic molecules, percentage of visible–NIR irradiation, additive 
concentrations, matrix complexity and reusability cycles. Chapter 7 presents studies 
on modification of the top surface of TiO2-NAA-DBRs with a thin layer of noble metal 
(i.e. gold – Au) to integrate surface plasmon resonance (SPR) effects with the “slow 
photon” effect for enhanced photocatalysis. This lead to the conclusion that 
contribution of SPR to the overall photocatalytic enhancement is weak due to the 
localised generation of surface plasmons on the top surface of the composite PC 
structures. Despite this, the overall photocatalytic degradation rate still correlates to 
the deposition time and type of noble metal coating. In many cases, TiO2-
functionalised NAA-PCs, with and without noble metal coating, show superior 
performance to benchmark photocatalyst materials. They thus present as promising 
platforms for many photocatalytic applications. This thesis paves the way for creating 
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a new generation of photocatalyst platforms with high performance, scalability, 
versatility and sustainability. 
 
9.1.3. Objective 4 
In Chapter 8, a platform material composed of 2D Au nanodot plasmonic single-lattices 
(Au-nD-PSLs) featuring tailor-engineered geometric features for visible-NIR light-
driven enhanced photocatalysis was reported. A strongly localised electromagnetic 
field around these reusable platform materials was demonstrated to provide 
outstanding photocatalytic performances, as revealed by finite-difference time-domain 
(FDTD) simulations and experimental observations. These performances can be 
significantly enhanced by coupling localised surface plasmon resonance (LSPR) 
effects with the electronic bandgap of semiconducting oxides such as TiO2. Au-nD-
PSLs also show remarkable photocatalytic degradation rates for model organics when 
compared to those of conventional nanoparticle-based plasmonic photocatalysts, 
creating new opportunities to rationally design light-harnessing platforms with 
maximised utilisation of solar energy for high performance in photocatalytic devices. 
 
9.2 Recommendations for Future Work 
The works presented in this thesis advance the development of rationally designed 
photocatalyst platforms by providing extensive fundamental research on structural 
optimisation, chemical modification and photocatalytic assessment of chemically 
modified NAA-PCs. Future work would involve translating these platforms into safe, 
cost-competitive, scalable and efficient photocatalytic devices for a broad range of 
applications addressing global energy and environmental issues should focus on the 
following possible directions: 
 
1. Although we have explored several NAA-PC structures produced by 
anodisation of aluminium substrates, the optical properties of these NAA-PCs 
have not been fully exploited as a means to enhance photocatalytic reactions 
by “slow photon” effect. Further experimental optimisation to align photonic 
stopbands with electronic bandgaps of functional layers should be performed 
278 
  
to ensure that photocatalytic efficiencies can be maximised for specific 
reactions. 
2. These NAA-PCs developed focus on the chemical modification with titanium 
dioxide through sol-gel method. More fundamental research assessing the 
capabilities and limitations of the proposed chemically-modified photocatalytic 
platforms, with different photoactive materials, is still required due to varying 
quantum efficiency, electron mobility, electrochemical properties, energy 
bandgap and chemical stability. Such studies should evaluate aspects such as 
photon-to-electron conversion rate, photosensitivity, reproducibility, stability, 
abrasion resistance and residual stress. In addition, more precise chemical 
modification techniques to fine control the thicknesses of the photo-active 
layers will make it possible to finely align photonic and electronic structures.  
3. 2D gold nanodot plasmonic single-lattices reveal LSPR bands with plasmonic 
bands in the visible spectral region, which accounts for ~43% of the solar 
spectrum, have shown outstanding performances. Our study suggests that 
rational design and integration of these nanostructures, with light-trapping NAA-
PCs, could maximise photocatalytic reactions due to efficient utilisation of solar 
energy at high-irradiance spectral regions, harnessing photonic and plasmonic 
light–matter interactions. 
4. The use of chemically-functionalised NAA-PCs in our studies focus on 
photocatalytic degradation of single type of organics within a small effective 
area. To translate these chemically-functionalised NAA-PCs into fully functional 
prototypes for real-life multiplexed photocatalytic applications, large-scale 
anodisation of aluminium, chemical functionalisation with photoactive materials, 
and application of the decontamination of a wide range of organic pollutants 
and their resultant by-products in real-life samples such as wastewater, 
groundwater, drinking water and contaminated soil, are neccessary.  
5. Chemically-modified NAA-PCs developed in our studies focus on the 
photocatalytic water purification. The versatility of these chemically-modified 
NAA-PCs can be further demonstrated by extensive research of using these 
platforms for other types of photocatalytic applications, including clean 
hydrogen fuel generation, carbon dioxide reduction, and ammonia production, 
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